Objectives: To investigate whether the indicators of sexual risk behaviour, defined by UNAIDS for use among members of general populations, have been found as risk factors, to examine how information on sexual behaviour is collected and summarised in order to calculate the indicators, and to look for possible sources of error in the data and in interpretation of those indicators. Methods: The literature on risk factors for HIV infection was reviewed. Indicators were calculated for countries where data were available for two or more points in time.
T he chances of acquiring HIV infection can be reduced. Patterns of sexual behaviour determine the probability of exposure to an infected partner and can be modified to lessen that chance. Sexual transmission can be reduced by about 80% with the consistent and correct use of condoms. 1 Parenteral transmission through contaminated injections or blood products can be prevented by screening and proper sterilisation procedures. Vertical transmission can be reduced with the correct and timely use of antiretroviral drugs. 2 People in many parts of the world, however, do not know how to protect themselves from HIV infection. 3 Others are unable or unwilling to act on their knowledge because of personal, cultural, geographical, and economic barriers. 4 HIV prevention programmes aim to increase knowledge about HIV/AIDS and remove barriers to the adoption of preventive behaviours. Sexual transmission is the predominant mode of HIV transmission in most parts of the world and modification of one or more aspects of an individual's sexual behaviour-towards ''safer'' behaviours-is a key component of most programmes. The success of prevention programmes is ultimately judged by the impact on the number of new HIV infections, but this is difficult to measure and so the prevalence of HIV infections is often used instead. Prevalence is slow to respond to change. It is, therefore, important to measure behaviour itself because evidence of changes in behaviour should be apparent before HIV prevalence changes.
Sexual behaviour has several dimensions (for example, number of partners, relationship to partner, frequency of sex, condom use) and these interact to produce a different risk profile for each person. In order to track changes in sexual behaviour the key elements must be distilled from selfreported data and effectively summarised to form indicators. If the measurement of indicators is standardised and then estimated at successive points in time, changes in behaviour will be evident as trends in the value of the indicator over time.
Good indicators describe behaviours that are relevant to HIV infection and amenable to change through policy and programme initiatives. Ideally, they should be defined in such a way that they are specific, measurable, reliable, valid and simple to interpret. Because indicators of sexual behaviour are used primarily to track trends they should be relevant over a long period of time. If used at the international level they must be relevant in different populations.
Standard indicators of sexual behaviour were first defined by the Global Programme on AIDS (GPA). 5 They were subsequently refined by UNAIDS 6 and additional sets have been compiled by organisations such Family Health International 7 and Save the Children. 8 With the implementation of the UN General Assembly Special Session on HIV/ AIDS (UNGASS) declaration by 189 countries in 2001, the use of indicators to monitor sexual behaviour has been firmly set at the centre of global HIV/AIDS prevention efforts. 9 The main purpose of this paper is to present a critical analysis of key indicators and make suggestions for improved measurement, use, and interpretation. The paper starts with a overview of the indicators currently used. The definition of each indicator is then compared with ways in which risk factors have been measured in specific studies.
CURRENT INDICATORS
Standard measures of sexual behaviour are used by many organisations for the monitoring and evaluation of programmes and interventions and to target resources and prevention efforts. Many of these organisations use their own indicators, defined to suit their particular purposes.
The 1994 GPA prevention indicators included two on sexual behaviour. 5 Subsequently many other compendia have been published by different organisations. The set currently most widely used are those from UNAIDS, the successor to the GPA. This guide retains some indicators from the GPA guide and defines many others. UNAIDS classifies indicators as core and additional. Core indicators are those which are essential to describe the risk profile of a population; additional indicators help in interpreting the core indicators and/or provide extra information about risk behaviour.
The current UNAIDS indicator definitions are given in table 1. Two core indicators of sexual behaviour are recommended for monitoring and evaluation of national AIDS control programmes among adults in the general population in all countries (UN1 and UN2). 6 For concentrated epidemics four core indicators are recommended in addition to these (UN3, UN4, UN6, and UN7). Five core indicators are recommended to describe the behaviour of young people in countries with generalised epidemics (UNy1 to UNy5), although these were under revision at the time of writing this paper. The second core indicator for all adults (UN2) was selected as the main behavioural indicator with which to assess progress towards the UNGASS goals.
Indicators have standard definitions but not target values or ranges. Although each indicator has a theoretical relation to HIV risk, few of these relations have been quantified. Risk is determined by the interaction between the different aspects of behaviour and HIV prevalence. While overall number of partners is an important determinant of HIV risk, it is modified by the way in which partners are selected. It is easy to classify people who have never had sex as having no sexual risk behaviours but, among the sexually active, it is much harder to make a distinction between safe and unsafe behaviour.
The relations between an individual's behaviour and risk of HIV infection have been quantified from case control and prospective studies. When study data are explored for risk factors, the analysis is geared towards finding the most discriminatory measures of risk. These may be identified only after confounding factors have been controlled for in multivariate analysis. The relation between a precise behaviour and HIV infection can be quantified at the individual level but the risk factors which emerge from such analyses are not usually defined in a way which can be commonly measured in a variety of populations. Because they are not generally applicable they cannot be used as indicators. There is a trade off between measuring narrowly defined behaviours with a known relation to HIV infection and more broadly defined behaviours which are common to most populations but have a more diffuse relation to HIV infection.
Many countries now have a series of point estimates for the current set of indicators. It is therefore appropriate to revisit these indicators and assess their performance. We expect to see positive trends in indicators followed by declining trends in HIV incidence and eventually prevalence. This has been seen, but to date this has been clear only in Thailand and Uganda. In Zambia there have been positive changes in key sexual behaviour indicators but it is not certain that these have yet been followed by changes in HIV prevalence. In Tanzania apparently positive changes in the key indicators mask an increase in the fraction of the population that is having risky sex. The interpretation of changes in indicators may be contingent on other changes. However, indicators are often presented without supporting information-either the additional data needed for interpretation or the more common adjuncts such as the number of respondents or the source of the data. These latter factors can be as informative for the interpretation of trends. 10 Policy makers need clear and simple measures, but errors in interpretation may arise without the full picture.
The indicators of sexual behaviour do not necessarily correlate with biological indicators of the epidemic, and in some places trends appear contrary. 11 The sound epidemiological reasons for this are not apparent from the indicators themselves and many lay people may not be conversant with these subtleties.
This paper aims to review the ''effectiveness'' of the current indicators: we know that in theory they can be useful, but how are they shaping up in practice?
METHODS
Three steps were carried out for each aspect of sexual behaviour:
N A list of indicators on the topic was compiled from the UNAIDS/WHO guide for monitoring and evaluation of National AIDS programmes. N The indicator was calculated from good quality, nationally representative data for several countries where two or more estimates were available. The performance of each indicator was assessed against changes in other aspects of sexual behaviour and HIV prevalence.
For the review of the literature Medline and Popline were searched for all papers which mentioned risk factors for HIV infection. Abstracts were reviewed to determine whether the paper covered risk factors for prevalent or incident HIV infection among members of general populations. Suitable papers were obtained, sorted by sexual behaviour topic, and the results were summarised.
In this paper each indicator defined by UNAIDS is referred to by a code rather than the name because many indicators defined by different organisations have the same name but different definitions.
RESULTS
The literature search produced 15 papers which describe risk factors for HIV infection among general populations in various countries and describe some of the same behaviours as the indicators considered here. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] There are undoubtedly many more studies of this sort in the grey literature. Six papers are from Uganda, two based on the Masaka cohort 14 22 and four on the Rakai intervention trial subjects. 12 16 20 21 The remaining studies are from Ethiopia, Kenya, Rwanda, South Africa, Tanzania, and Zimbabwe.
Although each of the studies used in this paper measured an aspect of sexual behaviour that is also described by an indicator, not all of the researchers chose to measure, or present data on, the behaviour in a way that is comparable with the indicators. Table 2 shows a summary of the results of this review. There is a surprising disparity in the topics reported. The behaviour most commonly described (in 14 of the papers) is the number of partners; condom use is investigated in 10 papers and partner type in nine. The relative infrequency with which some topics are investigated may reflect publication bias resulting from space constraints in journals. The UNAIDS indicator which could be measured most often in the studies described in these papers was the proportion of young people who had more than one partner in the last year (UNy4), which was available in eight out of the 14 papers in which the topic was investigated. This was also the indicator which, when calculated as specified, was most commonly associated with HIV infection (in two studies) and, along with commercial sex (the third UN indicator), most commonly not associated (in three studies).
Type of sexual partner: who is having sex with whom? The choice of sexual partner affects the chance of having sex with somebody who is infected with HIV. It is measured by the first sexual behaviour indicator for adults (UN1): higher risk sex (sex with a non-cohabiting partner) in the last year, and by the second indicator for young people (UNy2): premarital sex in the last year.
These indicators describe the extent to which sex occurs outside cohabiting/marital relationships. Non-cohabiting sexual partners are likely to know less about the infection status and risk behaviour of their partner than those who cohabit. The association between type of partner and HIV infection was investigated in nine studies and a significant association was found in four. In two studies data were collected in such a way that it was possible to measure the first adult sexual behaviour indicator (UN1) but a significant association with HIV was not found in either. The second indicator of young people's sexual behaviour (Uny2) could be calculated from the same data but this was not presented in any of the studies.
Non-cohabiting partners are not a homogenous group. Sex with a non-cohabiting partner would not be expected to emerge as a consistent risk factor because it is not a very specific marker of risk. Many people who have sex with a non-cohabiting partner will have little or no additional risk of HIV infection compared with those who have not done so. It is difficult to define objectively the different types of sexual partnership. Whether a non-cohabiting partner has a high risk of being infected with HIV or a low risk depends on the HIV prevalence and the context of sexual relationships in each country. These distinctions are easier to draw in countries with a concentrated epidemic, where HIV infection is still most common among members of certain groups such as commercial sex workers (CSWs) or injecting drug users. In countries where infection has spread to the general population it is harder to group partners into appropriate categories that are homogeneous with respect to the risk of HIV infection.
Sexual partners can be characterised by the duration of the relationship (for example, more or less than one year), the survey respondent's description (girlfriend, CSW) or by the context in which the sex took place (commercial sex, one night stand, rape). While the least subjective characteristic of a relationship between partners is whether they cohabit, it may be too broad a distinction to reflect HIV risk accurately, leading possibly to artificially high estimates of the population at risk. Conversely, if infection is very widespread in the population, even this wide category may not include all those people who are at risk. The indicators describe behaviour in the last 12 months, which is relevant for planning purposes and useful for tracking trends in behaviour, but may not accurately describe the lifetime risk of acquiring HIV infection experienced by members of the population. Using indicators UN1 or UNy2 to make comparisons between different populations, or to look at trends over time within the same population entails some drawbacks. The group of non-cohabiting partners includes many different types of sexual partner, as shown in figure 1. For men aged 15-24 years, a non-cohabiting partner in Tanzania is likely to be more risky than one in Zimbabwe because they are more likely to be casual partners. The composition of the group of non-cohabiting partners may be a very important determinant of HIV risk but these indicators may fail to capture this.
However, it is difficult to find an alternative to ''noncohabiting partner'' that would work better because, as figure 1 illustrates, the types of partner described by survey respondents vary considerably. The meanings assigned to these descriptions almost certainly differ between populations. Figure 2 illustrates the average length of young men's sexual relationships, which is not consistently correlated with the type of relationship. The expected monotonic decline in the length of relationship from cohabitation, at one extreme, to sex workers at the other end of the spectrum holds only in Uganda. In Benin, Tanzania, Uganda, and Zimbabwe the description of a relationship is associated with its length, which implies that the terms have specific meaning within each country. But no uniform pattern of association is evident, implying that the meanings of different types of relationship are context specific. Figure 3 illustrates that relationships described in the same way by men and women may differ in their longevity. The length of time for which men and women aged 15-24 in Tanzania have been having sex with their girlfriends and boyfriends is very different; men report an average of 48 days (95% CI 39 to 58) whereas women report 428 days (95% CI 361 to 494). Some of this discrepancy may be explained by age mixing (because the boyfriends of the young women are older men) but this still implies that the men with girlfriends may be more at risk than the women with boyfriends (unless this risk is offset by the additional risk posed to young women by a much older boyfriend). In Zimbabwe the opposite difference is seen in the men's and women's reports. Men aged 15-24 have been having sex with their girlfriends for almost a year on average (334 days, 95% CI 284 to 383) but women of the same age have been having sex with their boyfriends for less than half that time, 126 days on average (95% CI 107 to 144). Therefore the risk attached to sex with people described as girlfriends and boyfriends can be expected to vary between populations-even without taking HIV prevalence into account.
This implies that great caution is needed when interpreting the results of indicators UN1 and UNy2 (higher risk sex in the last year and premarital sex in the last year). Unless accompanied by more detailed information on the composition of the group of non-cohabiting partners, they are better suited to tracking trends within the same population than to making cross national comparisons.
Condom use
Condoms are effective in preventing HIV transmission when used properly and consistently. Condom use is measured by five indicators: condom use in most recent higher risk sex act (UN2), condom use in most recent commercial sex act (UN4); condom use in most recent premarital sex act among people aged 15-24 years (UNy2); condom use in most recent higher risk sex act among people aged 15-24 years (UNy5) (different denominator to UN1), and condom use at first sex act (UNy6). Condom use at most recent higher risk sex act among 15-24 year olds only is the indicator chosen as a key UNGASS indicator of sexual behaviour.
The effect of condom use (measured in several different ways) was investigated in 10 of the studies summarised in table 2. In one study there was a significant, positive association between use of a condom and HIV infection. In another study the opposite association was found. In the remainder there was no statistically significant association between condom use and HIV infection. Only one of the 10 studies measured condom use in the same way as an indicator-namely, condom use at first sex (Uny6)-and in that study it was not a significant predictor of HIV infection. 13 The positive association of condom use with HIV is not unexpected though it is the cause of much confused debate. Condoms may be used in response to a perceived threat of HIV infection. Cross sectional studies cannot elucidate the order in which events occurred. People who know or suspect that they are HIV infected (or that their partner is) may use condoms more often than people who do not consider themselves or their partner likely to be infected. Inconsistent condom use could lead to infection, and in populations where condom use is confined to high risk relationships HIV infection and condom use may then appear to be associated.
Simple measures of use do not capture differences in the consistency and correctness of condom use and both of these factors may vary considerably between populations. The consistency of condom use is important but is not captured by these indicators, which measure use on a specified Friend Casual acquaintance Other Figure 1 Per cent distribution of all recent non-cohabiting partners reported by young women and men by the way in which the partner was described, by country. Source: Demographic and Health Surveys.
occasion. The terms used to describe the frequency of use are subjective (for example, ''sometimes'', ''occasionally''). This is satisfactory when looking for associations within a population (who can reasonably be expected to attach a similar meaning to the descriptions of frequency) but is inadequate to describe use in different populations. Increases in the percentage of people who report condom use at most recent sex act occur either because people begin to use condoms for the first time, or because inconsistent users start to use them more often. All five indicators describe use, but the people at risk are those who do not use condoms but who still have sex. Differences in the size of this group, both between populations and over time, will not be reflected by condom use indicators. The proportion of the population that is having sex (with certain types of partner) will also affect the size of this group. Measures which describe the proportion of all people who have risk behaviour and who do not use condoms may be more useful to describe the overall risk profile of a population. This applies to the other indicators of condom use with the exception of use at first sex because this denominator includes everyone who has ever had sex. Figure 4 shows three population measures of HIV risk behaviour for young men and women in Zambia at four points in time. These measures are restricted to young people aged 15-24 years to show how the condom use measure used as an indicator for monitoring progress towards UNGASS goals compares with other measures. The figure shows the proportion of sexually active young people who had sex with a non-cohabiting partner in the last year (UN1 but restricted to young people) and, among those, first-the proportion who used a condom on the most recent occasion (UN2 but restricted to young people, also the UNGASS indicator), and, second-the proportion who did not use a condom on the most recent occasion (unprotected higher risk sex). The size of the unprotected higher risk sex group declines significantly over time for both men and women, but condom use only increases significantly among women. The decline in the proportion of men who are at highest risk is explained by a significant decrease in the proportion of men who had sex with non-cohabiting partners.
Age at first sex Young age at first sexual intercourse is thought to increase the risk of acquiring HIV infection. The results from two cities in the UNAIDS four cities study showed that the high prevalence among young women was not fully explained by behavioural factors, 31 suggesting that immaturity of the genital tract makes them physiologically more susceptible. People who start sex at an early age may be particularly prone to other risky behaviours later in life. 32 The importance of early sex as a risk factor for HIV infection depends on the context in which the sex occurs. If first sex is at the start of an early marriage, the risk of HIV infection may be lower than if the first (and subsequent) partner(s) are less familiar. In many circumstances, however, very young brides have much older husbands, who may be more likely to have HIV infection than a sexual partner who is of a similar age to the girl. Such considerations again imply that simplistic cross national interpretations of this indicator may be misleading.
Four different methods are used to describe the age at which people start to have sex. Two make use of the current age of the respondent and whether or not they have had sex, the others use retrospective reports of the age at first sex to calculate life table medians. The first indicator for young people (Uny1: median age at first sex) is based on current status data and describes the age by which 50% of those aged 15-24 years report already having had sex. Age at first sex was investigated and reported in seven of the studies outlined in table 2, but none of these found significant associations with HIV infection. The methods used to summarise this information are sometimes inadequately described but most studies appear to base their measurements on retrospective reports of the age at first sex and not current status (ever had sex).
The best method used to summarise the age at first sex will depend on the setting but the measure must be consistently calculated because each method will give a slightly different estimate. 33 All estimates tend to be described as median age at first sex and so it is important to state the method used to calculate this measure, and to ensure that the indicator called Women Figure 3 Mean length of time, in days, for which men and women aged 15-24 years have been in a sexual relationship with partners they describe as girlfriends or boyfriends, by country. Source: Demographic and Health Surveys. [26] [27] [28] [29] [30] Measuring trends in sexual behaviour ii17
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Number of partners
The chance of having sex with somebody who is infected with HIV is greater for people who have sex with many partners. This risk depends on the rate at which new partners are acquired and on whether those partners have other partners. The number of partners is measured by the fourth indicator for young people: the proportion of those aged 15-24 years who had sex with more than one person in the last year (UNy4). Number of partners was investigated in 14 of the studies identified and was significantly associated with HIV infection in 11. In eight of these studies it was possible to construct the indicator (young people with more than one partner in the last year, UNy4) from the data collected, but this was actually done in only five studies. The other studies measured the number of non-marital or casual partners, or the number of partners in a lifetime. UNy4 was the indicator that was most often found to be associated with HIV infection (in two studies) but it was also the indicator most commonly not associated (three times). The number of lifetime partners was positively associated with HIV infection in six studies and not associated in two.
Interpretation of any measure of partner numbers suffers from what are assumed to be reporting biases. The numbers of opposite sex partners reported by men and women in surveys are rarely balanced. Men may exaggerate the number of their partners and women may underreport theirs. 34 Household surveys may miss those few women who have a high number of partners, and who would make the numbers balance were they included. It is very difficult to identify or make allowance for potential problems in the data used to calculate this indicator because it is not possible to tell whether discrepancies in the total number of partners result from misreporting or from a selection bias. Indicators based on this data can still give valuable information on trends in behaviour, providing the extent of the misreporting or selection bias does not change over time.
Commercial sex
The chance of a sexual partner being infected with HIV is often higher if the partner is a CSW. Commercial sex is notoriously difficult to define. In many cultures it is common to give or receive something for sex, or to trade sex for favours. The extent to which this is organised, with the receiver of gifts or favours having many partners over a short space of time, will affect the HIV risk associated with a partner of this sort. The degree to which those having sex in order to gain something are forced into doing so by economic and social pressures may affect their ability to negotiate safe sex, or to determine with whom and how often they have sex.
The indicator that describes commercial sex is the third adult indicator: the percentage of all men who had sex with a CSW in the last year (UN3). This indicator is limited to populations in which there is a local term equivalent to ''prostitution''. Condom use with CSWs is described by the fourth and fifth adult indicators. UN4 is based on clients' reports and UN5 on the sex workers' reports.
Commercial sex was assessed as a risk factor for HIV infection in nine of the studies identified in the literature search and was significantly associated in two of those. Three studies reported a measure similar to the indicator (the proportion of men reporting sex with a CSW in the last year) but the denominator in these studies is more usually sexually active men whereas the indicator is based on all men. One study 23 measured the indicator but did not find an association. Another study in Uganda 16 found a significant association between HIV incidence and men who reported exchanging money or gifts for sex but the reference period for this behaviour was not reported.
The indicator includes all men in the denominator so it is sensitive to changes in the proportions of men who have ever had sex and who have had sex in the last year. This is especially important in populations where much of men's early sexual experience is with sex workers, because behaviour change may involve first sex at a later age, or less frequent sex before marriage.
In countries with an organised commercial sex ''industry'' this indicator should provide a good measure of the extent of mixing between men and female CSWs. In countries where transactional sex cannot be easily identified or defined it is harder to interpret this indicator. Condom use with commercial partners was not reported in any of the studies identified in the literature review. This is most probably because of small numbers of men who report this behaviour; in the Demographic and Health Surveys, which usually take a sample of about 2000 men, very few men in some countries report commercial sex, and even fewer report using a condom. This means that the confidence intervals around estimates of these indicators can be very wide (see figs 5 and 6). When tracking trends in indicators that are based on small denominators it is very important to give the confidence intervals.
Age mixing in sexual relationships
Age mixing in sexual relationships (older men having sex with young women) is thought to be an important factor accelerating the spread of HIV. 35 The seventh indicator for young people (UNy7) describes the prevalence of sex between women aged 15-19 years and non-cohabiting male partners who are 10 or more years older.
In the literature review, sex between partners of different ages was important in two of the three studies which investigated this as a risk factor. The indicator was not used as a measure of this behaviour in any study; one study 20 assessed sex between women and men 10 years their senior and found that this was a risk factor, which gives good support for the 10 year cut off used in the indicator. However, they found that this did not depend on the type of partner (cohabiting or not), and that this age gap was also important among 20-24 year old women.
Sex between partners of different ages will pose most risk of HIV infection to the younger partner if the older partner has been sexually active for a long time and is therefore more likely to have acquired HIV infection. Marital sex between partners of different ages may actually pose a greater risk because condoms are used less often within marriage than outside it. This indicator measures only the prevalence of non-marital sex between young women and older men.
The HIV risk associated with age mixing depends not only on HIV prevalence but also on the length of time the older men have been sexually active. The risk will be greatest where there is a low age at first sex for both men and women, and partnerships between young women and older men are common. If men's age at first sex is much higher than women's the risk to the women from older male partners will be lessened. In some countries (for example, Mali and Niger) 50% of women have had sex by age 15 but the median age for men is 20. 36 37 In these circumstances older men may not pose such a great risk compared with countries where the median age at first sex is 16 for both men and women (for example, Kenya and Zambia). 38 39 The data on which this indicator is based may be of poor quality for two reasons. The first is that in many places people do not know their age and so it may be difficult for them to estimate the age of their partner. The second is that people are more likely to know the age of their long term partners than those who are more fleeting. If people err towards older or younger ages when they are uncertain of their partners' ages this could lead to a bias.
DISCUSSION AND CONCLUSIONS
Indicators of sexual behaviour describe the prevalence of various behaviours at population level. Some refer to behaviour in the general population, others describe behaviour among subgroups. Their purpose is to quantify the sections of the population at risk of HIV infection through their sexual behaviour and to track changes in the size of these risk groups.
The indicators recommended by UNAIDS describe the types of sexual partner, condom use, age at first sex, number of partners, commercial sex, and age mixing between partners. The indicators describe behaviours that are relevant to HIV risk but the relevance of each indicator varies between places. In observational studies, relations have been observed at the individual level between the behaviour described by each indicator and HIV infection, except age at first sex. The behaviours described by the current indicators are amenable to change and this has been observed in practice. 10 40-45 The greatest problem with the current indicators of sexual behaviour is specificity. The nature and context of the relationships within which people have sex vary between populations and between individuals. It is very difficult to find criteria by which relationships can be defined uniformly across cultures and this affects the quality of the first and third adult indicators (UN1 and UN3). All the indicators are vulnerable to errors that result from respondents' misunderstandings and these are not always apparent. Knowledge and understanding of human biology and the correct use of condoms can affect how questions about behaviour are interpreted and answered. Differences or limitations in vocabulary can hinder the collection of standard information, especially in populations where sexual matters are not openly discussed. Different meanings may be assigned to the same term in different places. 46 There may be similar differences within a population, as illustrated by the men's and women's descriptions of girlfriends and boyfriends. 47 Measuring sexual behaviour is fraught with difficulties. Sex usually takes place in private, and is often secret. Talking about sexual activity is unusual for many people and may be socially unacceptable. Information on sexual behaviour relies on people's reports of their activities and there are no biological markers that can completely replace this. 46 Social norms may make people reluctant to report some aspects of behaviour, or encourage them to give incorrect information about others. [47] [48] [49] [50] As discussed, there is a problem defining behaviours in a standard way and there is also a problem in using such definitions to produce questionnaires which elicit the same information from all respondents. The current indicators cover some of the most measurable aspects of behaviour but may still be inaccurate (for example, age at first sex, number of partners). All aspects of sexual behaviour are interrelated and so measures of any one aspect cannot be fully understood in isolation. Negative trends or stable levels of one indicator may mask encouraging changes in the population as a whole, as illustrated by the changes in the first two adult indicators estimated for young Zambian men (fig 4) . This example also demonstrated that changes in the absolute size of the group with a risk behaviour are as important as proportionate changes. A doubling of the proportion who report condom use at last premarital sex may be of more interest in a population where 30% of young unmarried people have sex than in one where only 1% are sexually active before marriage.
Inconsistencies or problems in the measurement of an indicator may affect the results and this could produce misleading conclusions if such problems are not clearly marked. The importance of quality data cannot be overstated. The confidence intervals around indicator estimates are often wide, even when based on large household surveys, and differences in survey methodology can produce very different estimates of the same indicator. 48 49 Comparisons may be valid only if the data on which the estimates are based were collected in the same way.
The indicators currently recommended by UNAIDS do not have much in common with the individual risk factors for HIV infection that have been identified in observational studies. The review of the literature shows that it would be difficult to find a risk factor that was of equal importance in many different African populations. The problem is likely to be greater for intercontinental comparisons. This does not necessarily mean that the current indicators of sexual behaviour do not provide good information about the potential for the spread of HIV infection through a population. However, the current indicators do not provide information that could be used to model the predicted number of new infections in a population. To do that requires more precise information about individual behaviour patterns. Instead the indicators describe the average levels of risk in the population and the trends in these levels which provide insights into the possible future courses of the HIV epidemic. In addition, overall HIV prevalence and how widely infection is distributed among members of the population affect the level of risk of any behaviour.
The precise behaviour and associated levels of risk described by indicators of sexual behaviour are context specific, and so it is unwise to compare the absolute levels of one indicator across different populations. Likewise, comparisons over time are unlikely to be valid unless the survey methodology has remained unchanged. To capture the context in which these behaviours are taking place, the interpretation of the results should take into account a range of indicators rather than considering one indicator in isolation. Some measure of the range of uncertainty around each indicator estimate also aids interpretation of the results, especially for indicators that are based on small numbers or respondents. Indicators must be interpreted in a relative manner: relative to previous levels of that indicator, relative to other indicators, and relative to current HIV prevalence. It is fortuitous if indicators of sexual behaviour can explain the HIV prevalence in a population, but it is not a prerequisite.
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